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ABSTRACT

Howell, C. R. 2002. Cotton seedling preemergence damping-off incited
by Rhizopus oryzae and Pythium spp. and its biological control with
Trichoderma spp. Phytopathology 92:177-180.

Planting the cotton cv. Sure-Grow 747 in cotton seedling disease plots
during the 2001 growing season resulted in high levels of preemergence
damping-off among the seedlings. Four cotton pathogens, Pythium
aphanidermatum, P. ultimum, an unidentified Pythium sp., and Rhizopus
oryzae, were isolated from diseased seed embryos and seedlings. Disease
incited by the Pythium spp. could be controlled by seed treatment with
Metalaxyl, but disease incited by R. oryzae could not. Seed treatment
with Metalaxyl in naturally infested field soil was only partially effec-
tive; therefore, symptoms in 47% of the diseased seedlings could be at-

tributed to R. oryzae. Susceptibility to disease appeared to be related to
release in the spermosphere, by the germinating seeds, of compounds that
stimulate pathogen propagule germination, because exudates from seed
of the suscept Sure-Grow 747 and extracts from wheat bran induced
pathogen germination and growth, whereas exudates from resistant cv.
Stoneville 213 did not. However, even Stoneville 213 became susceptible
when infested soil was amended with wheat bran. Seed treatment with
preparations of Trichoderma virens parent, mutant, and hybrid strains
gave effective biological control of preemergence damping-off. Disease
control was attributable to metabolism by the biocontrol agent of patho-
gen germination stimulants released by the seed, because amendment of
pathogen-infested soil with the propagule germination stimulants in
wheat bran negated the protective effect of the seed treatment.

Seedling diseases of cotton are among the most important of
those diseases that limit cotton lint and seed production. In 2001,
the estimated loss in bales of cotton due to seedling diseases was
2.43%, or approximately $169,820,640 (2). Recent field and
growth chamber tests with cotton cv. Sure-Grow 747, planted in
soil from the seedling disease plots at College Station, TX, have
resulted in high levels of preemergence damping-off among the
seedlings. Symptoms of preemergence damping-off are most often
observed under conditions of low temperature and high soil
moisture at planting, and are usually attributed to the presence of
Pythium spp. in the soil (6). Preemergence damping-off of cotton
has been associated with the stimulation of the sporangia germina-
tion of P. ultimum by volatiles (11), exudates (12), and extracts
(13) from cotton seed. Increased root exudation from beans
induced by glyphosate treatment also has been associated with
increased colonization of beans roots by P. ultimum (10). The
standard chemical treatment for control of seedling disease incited
by Pythium spp. has been seed or soil application of the fungicide
Metalaxyl (15), and biological control of P. ultimum has been
effected through seed and soil treatment with Trichoderma virens
preparations (7,8,16).

This year (2001), the soil was not excessively moist and the
temperature was not unusually low (unpublished data). In addi-
tion, the fungicide Metalaxyl was only partially effective in con-
trolling the disease, whereas biological control with Trichoderma
spp. was very effective. This gave rise to the suspicion that
Pythium spp. were not the only pathogens involved in the ob-
served disease phenomenon.
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The objectives of this study were to ascertain what pathogen or
pathogens were responsible for inciting the observed disease
symptoms, how cultivar and soil amendment contributed to the
disease syndrome, and what mechanisms were employed by the
Trichoderma spp. to affect disease control.

MATERIALSAND METHODS

Isolation and identification of cotton seedling pathogens in
soil from seedling disease plots. Test tubes, containing 1 ml of
distilled water and 5 g of Lufkin fine sandy loam soil from the
seedling disease plots, were each planted with one seed of cotton
cv. Sure-Grow 747 (Sure-Grow Seed Inc., Centre, AL), that was
either treated or not treated with the fungicide Metalaxyl (22.2 ml
per 45.4 kg). The seeds were covered with an additional 5 g of soil
and incubated at 25°C for 4 to 5 days. Those seeds that did not
emerge were harvested and the seed coats were removed. The em-
bryos and radicles were washed with sterile distilled water and
plated on potato dextrose agar (Difco Laboratories, Detroit, MI)
containing 50 ppm of rifampicin (Sigma-Aldrich, St. Louis). After
24 to 48 h at 25°C, the cultures were examined for the presence of
fungal colonies. Hyphal tips from colonies growing from infected
seed were transferred to fresh rifampicin potato dextrose agar and
incubated for 3 days at 13 and 37°C. Those colonies showing no
readily identifiable propagules were subtransferred to liquid still
cultures of V8 cholesterol medium (1) and incubated for 10 days
at 25°C. The cultures were monitored periodically under the
microscope for the presence of sexual structures. After the appear-
ance of sexual structures, the isolates, and those that were already
sporulating on the agar medium, were identified to species (3).

Confirmation of isolate pathogenicity to cotton seedlings of
Sure-Grow 747. One mycelial mat from a 10-day-old V8 cho-
lesterol still culture of P. aphanidermatum, P. ultimum, or Pythium
sp. was macerated in 25 ml of distilled water for 1 min in a
Waring blender (model 33BL79; Dynamics Inc., New Hartford,
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CT). Aliquots (10 ml) of each macerate were mixed, separately,
into 1-kg lots of noninfested Lufkin fine sandy loam mixed with
40% washed sand. The contents of two agar plates of mycelia and
sporangia from Rhizopus oryzae were also mixed into 1 kg of non-
infested soil/sand mix. Test tubes (five each) containing 10 g of
moist soil infested with P. aphanidermatum, P. ultimum, Pythium
sp., or R. oryzae were planted with untreated seed of cotton cv.
Sure-Grow 747. The control was noninfested soil planted with un-
treated seed. The tubes were incubated at 25°C and a 14-h photo-
period in a growth chamber for 7 days, after which the number of
surviving seedlings was counted. Tubes containing soil infested
with the above isolates also were planted with Sure-Grow 747
seed treated with Metalaxyl and incubated as described above.
Each five-tube treatment was replicated three times, and the ex-
periments were repeated. Seed from samples of the above tubes
were harvested, cultured, and examined for the presence of fungal
colonies as described in the previous section.

Effect of seed treatment, cotton cultivar, and soil amend-
ment on preemer gence damping-off in pathogen-infested field
soil. Test tubes (five each), containing 10 g each of a mix con-
sisting of 60% seedling disease plot soil and 40% washed sand,
were planted with Sure-Grow 747 seed treated with Metalaxyl
(22.2 ml per 45.4 kg), wheat bran plus peat moss (WB+PM)
preparations (8) of T. virens parent G-6, an antibiotic and myco-
parasitic deficient mutant G6-5, T. virens x T. longibrachiatum
fusant strains Tvl-30 and Tvl-35, or nontreated. Tubes containing
the same soil mix amended with 1% wheat bran also were planted
with Sure-Grow 747 seed treated as above. In addition, tubes con-
taining amended and nonamended soil as described above were
planted with seed of cotton cv. Stoneville 213. Tubes containing
nonamended soil also were planted with Sure-Grow 747 seed
coated with autoclaved preparations of T. virens strain G-6 and the
fusant TvI-30. All tubes were incubated in a growth chamber as
previously described, and the numbers of surviving seedlings were
counted. Each treatment was replicated three times, and the ex-
periment was repeated.

Effect of seed exudates and wheat bran extract on pathogen
propagule germination and growth. Seed lots (30 g) of cotton
cvs. Sure-Grow 747 and Stoneville 213 were surface sterilized
with 1% sodium hypochlorite in 70% ethanol for 5 min, and
washed with sterile water. Each seed lot was suspended in 90 ml
of sterile distilled water and shaken for 24 h at 150 rpm on a G 10
gyratory shaker (New Brunswick Scientific Co. Inc., New
Brunswick, NJ). The suspensions were filtered through Whatman
No. 1 filter paper, autoclaved for 15 min at 121°C, and stored
aseptically at —20°C. Ground wheat bran (30 g) was suspended in

TABLE 1. Effect of seed treatment, cotton cultivar, and soil amendment on
preemergence damping-off in soil naturally infested with Pythium aphani-
dermatum, Pythium sp., P. ultimum, and Rhizopus oryzae

Percent kill in pathogen-infested soilY

Treatment® Nonamended soil Amended soil?
G-6, SG 747 20b 100 a
G6-5, SG 747 13 ab 100 a
Tvl1-30, SG 747 Oa 93 ab
Tvl-35, SG 747 13 ab 100 a
Metalaxyl, SG 747 53¢ 47 ¢
NT, SG 747 93d 100 a
NT, ST 213 7 ab 93 ab

* Treatments are combinations of fungicide or biocontrol agent and cotton
cultivar. NT = nontreated control. SG = Sure-Grow; ST = Stoneville. G-6
and G6-5 are Trichoderma virens strains; Tvl-30 and Tvl-35 are fusants of
G-6 and T. longibrachiatum strain AK6-12.

Y Numbers given are the averages of three replications. Means in a column
followed by different letters are significantly different according to the
protected least significant difference test at e< = 0.05, using general linear
models (SAS Institute, Cary, NC).

 Pathogen-infested soil was amended with 1% ground wheat bran.
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150 ml of sterile distilled water and heated to boiling while
stirring. The suspension was centrifuged at 3,000 x ¢ for 10 min
in a centrifuge (C4-12; Jouan, Inc., Winchester, VA). The super-
nate was also autoclaved and stored aseptically at —20°C.

Mycelial macerates of P. aphanidermatum, P. ultimum, and
Pythium sp., prepared as described previously, and a sporangio-
spore suspension of R. oryzae (1 x 10° spores ml™') were mixed
with the above seed exudates or wheat bran extract at a ratio of
one part fungus suspension to three parts exudate or extract. The
controls consisted of fungus and water mixes. Three aliquants
(50 pl) of each mix were spotted on the surface of agar plates
containing 2% Noble agar and 50 ppm rifampicin. The cultures
were incubated for 24 h at 27°C in the dark, and then observed
under an SZ11 stereomicroscope (Leeds Instruments Inc., San
Antonio, TX) for evidence of germination and growth. Exudates
from seed that were not surface sterilized also were assayed for
effect on pathogen propagules.

Resistance of seed from different cotton cultivars to pre-
emer gence damping-off in seedling disease plot soil. Test tubes,
containing 10 g each of moist 60% seedling disease plot soil and
40% washed sand mix, were planted with surface-sterilized seed
of 22 different cotton cultivars. Five tubes were planted with each
cultivar. The tubes were incubated for 7 days in a growth chamber
at 25°C with a 14-h photoperiod. Counts were made of surviving
seedlings. The treatments each were replicated three times, and
the experiment was repeated. Seeds of those cultivars showing
260% kill in infested soil also were planted in noninfested soil to
confirm seed viability.

Biocontrol efficacy of Trichoderma spp. that do not induce
phytoalexin production in cotton roots. Soil tubes (five each) of
pathogen infested soil were planted with Sure-Grow 747 seed that
were coated with WB+PM preparations of strain G6-4 of T. virens
and strain TK-7 of T. koningii. Both strains lack the capacity to
induce terpenoid synthesis in cotton radicles, a phenomenon that
has been associated with the biological control of Rhizoctonia solani
incited damping-off of cotton (9). The treatments were replicated,
incubated, and counted as described in the previous section.

Statistics. All experiments were repeated at least once, with
similar results, and the data from the last trials are presented here.
Statistics were performed using general linear models (version 6;
SAS Institute, Cary, NC).

RESULTS

Isolation and identification of cotton seedling pathogens.
The colonies observed growing from the embryos of nonemerged,
nontreated cotton seed of cv. Sure-Grow 747 grown in seedling
disease plot soil were a mixture of Rhizopus sp. and Pythium spp.
that grew well at either high (37°C) or low (13°C) temperature.
The colonies growing from the embryos of seed treated with
Metalaxyl at planting were of a high-temperature Rhizopus sp. No
Pythium spp. were observed growing from these embryos. Critical
examination of the Rhizopus isolate showed that its morphological
and temperature characteristics were consistent with those ex-
hibited by the species R. oryzae (3). The Pythium spp. isolated
could be separated on the basis of their temperature parameters.
One grew well at 37°C, whereas the others did not grow at all.
The high-temperature isolate exhibited the morphological and
temperature characteristics associated with P. aphanidermatum
(3). One isolate, which grew only at low to moderate tempera-
tures, did not produce any sexual structures and could not be
identified to species. It is, therefore, referred to only as Pythium
sp. The final low- to moderate-temperature isolate exhibited the
morphological characteristics of the species P. ultimum (3).

Confirmation of isolate pathogenicity. The percent kills of
Sure-Grow 747 seed planted in noninfested field soil that was sub-
sequently infested with R. oryzae, P. aphanidermatum, Pythium
sp., or P. ultimum were 93, 47, 73, and 93%, respectively. The



percent kill of seed in noninfested field soil was 0%. Examination
of the morphology and temperature parameters of the colonies
growing from seed harvested from pathogen-infested soil tubes
showed that they were the same species as those used to arti-
ficially infest the soil. These results indicate that all four isolates
were pathogenic to cotton. Seed treatment with Metalaxyl pro-
tected seedlings from disease incited by the Pythium spp., but not
from R. oryzae.

Effect of seed treatment, cotton cultivar, and soil amend-
ment on preemergence damping-off. The percent kills in
naturally infested cotton field soil of treated and untreated Sure-
Grow 747 seed and untreated Stoneville 213 seed are given in
Table 1. The percent kill of untreated Sure-Grow 747 was very
high (93 to 100%) in both nonamended and amended soils. Meta-
laxyl treatment of Sure-Grow 747 seed gave only partial control of
preemergence damping-off in both nonamended and amended
soils. Those seed treated with G-6, G6-5, TVL-30, or Tvl-35
preparations gave effective disease control in nonamended soil,
but they were not effective in soil amended with wheat bran. Seed
treated with autoclaved preparations of G-6 or Tvl-30 were not
protected from the disease. The percent kill of untreated Stone-
ville 213 seed was only 7% in nonamended soil, but this rose to
93% in soil amended with wheat bran. These results indicate that
Sure-Grow 747 is highly susceptible to seedling disease, that seed
treatment with Metalaxyl gives only partial control in this circum-
stance, and that seed treatment with the tested biologicals is effec-
tive in controlling the disease. The results also indicate that Stone-
ville 213 is highly resistant to the seedling disease pathogens in
this soil. However, the protection provided by the biological treat-
ments or cultivar resistance could be negated by soil amendment
with wheat bran.

Effect of seed exudates and wheat bran extract on pathogen
propagules. Microscopic examination of mixes of seed exudates
or wheat bran extract and mycelial macerates or sporangiospore
suspension spotted on Noble agar, showed the following effects.
Sure-Grow 747 seed exudate and wheat bran extract stimulated
the germination and growth of sporangiospores of R. oryzae and
the macerates from isolates P. aphanidermatum, Pythium sp., and
P. ultimum. Seed exudate from Stoneville 213 and the water
control did not stimulate the germination and growth of any of the
fungal preparations. These results suggest that stimulation of
pathogen propagule germination and growth by seed exudate or
wheat bran extract may be associated with seedling disease de-
velopment.

Resistance of cotton cultivars to preemer gence damping-off
in infested soil. The percent kill of cotton seedlings in pathogen-
infested soil varied with the cotton cultivar (Table 2). Of the 22
cultivars tested, 12 gave a percent kill of 47% or more. Cvs. Acala
SJ-2. Acala Maxxa, Acala Maxxa GTO, and Sure-Grow 747 were
especially susceptible to seedling disease. Those cultivars that
were most resistant to preemergence damping-off were Deltapine
20B, Deltapine 50, Deltapine 5415, Paymaster 1220 BG/RR,
Acala 1517-91, and Tamcot Sphinx. Those cultivars showing a
high percent kill in infested soil gave good germination and
growth when planted in noninfested soil (80 to 100%).

Biocontrol efficacy of Trichoderma spp. that do not induce
terpenoid synthesis in cotton roots. Both strains G6-4 of T.
virens and TK-7 of T. koningii, which are deficient for induction
of terpenoid synthesis in cotton roots, gave effective biological
control (87 and 93%, respectively) of preemergence damping-off
of Sure-Grow 747 in pathogen-infested soil.

DISCUSSION

The high rate of preemergence damping-off that occurs with
some cotton cultivars in soil from the seedling disease plots at
College Station, TX, can be attributed to the presence of the four
pathogens that were cultured from diseased seed and seedlings.

These pathogens are P. aphanidermatum, P. ultimum, Pythium sp.,
and R oryzae. Seed treatment of susceptible cv. Sure-Grow 747
with Metalaxyl effectively controls disease incited by the Pythium
spp., but it does not control disease incited by R. oryzae and is
only partially effective in controlling damping-off in seedling di-
sease plot soil. This implies that the symptoms observed in the
seedling disease plots are due, primarily, to the activities of R.
oryzae. This fungus has been isolated from field-infected cotton
seed at harvest (14) and has been associated with postharvest seed
deterioration of cotton (5) under the name R. arrhizus. However,
this is the first report of this fungus as a soilborne seedling disease
pathogen of cotton. The name of this fungus has subsequently
been changed to R. oryzae (3).

The WB+PM preparations of T. virens strains G-6 and G6-5 and
the T. virens x T. longibrachiatum hybrid strains Tv1-30 and Tvl-
35 were effective in controlling all four pathogens isolated from
the seedling disease plots. These strains were all effective, even
though some were deficient for antibiotic activity (Tvl-30 and
Tvl-35) or antibiotic activity and mycoparasitism (G6-5). This in-
dicates that mechanisms other than antibiosis or mycoparasitism
are being employed by these biocontrol agents to effect disease
control. The biocontrol efficacy against preemergence damping-
off exhibited by strains G6-4 and TK-7, strains that do not induce
terpenoid synthesis in cotton roots (9), also indicates that this
mechanism is not of primary importance in the control of seedling
disease incited by Pythium spp. and R. oryzae.

An alternative mechanism of biological control to those
described above might be the metabolism of nutrients from germi-
nating seed by the biocontrol agent. Metabolism of these com-
pounds would render them unavailable to the pathogen. This con-
cept is suggested by the work of Nelson (11), who demonstrated
the effect of seed exudates on the germination of P. ultimum
sporangia, and by the work of Green et al. (4), who suggested that
biological control by T. harzianum involved competition with P.
ultimum for substrates from the seed coat and wounded or infected
root tissue. It is further supported by work in this article, where it
was shown that extracts from wheat bran or exudates from
susceptible cotton cv. Sure-Grow 747 would support the germina-
tion and growth of propagules of the four pathogens studied, but
that exudates from resistant cv. Stoneville 213 would not. This

TABLE 2. Resistance of cotton cultivars to preemergence damping-off after
planting in naturally infested seedling disease plot soil and incubation at
25°C for 7 days

Cotton cultivar Percent kill in pathogen-infested soil?

Deltapine 33B 536
Deltapine 35 4716
Deltapine 20B 0+ 0*
Deltapine 50 13+ 6*
Deltapine 51 47+6
Deltapine 5409 27+6
Deltapine 5415 13 £0*
Deltapine 5690 606
Stoneville BXN 47 27+6
Stoneville 474 53+6
Paymaster HS26 60t 6
Paymaster 1220 BG/RR 7+6*
Paymaster 1244 RR 3+ 6%
Acala SJ-2 93+6
Acala Maxxa 87+0
Acala Maxxa GTO 676
Acala 1517-91 20 £ 6%
Acala 1517-95 53+0
Tamcot Sphinx 0+ 0*
Sure-Grow 125 33+6
Sure-Grow 501 60+0
Sure-Grow 747 93+6

z Numbers given are the means of three replications. Asterisks indicate
cotton cultivars most resistant to preemergence damping-oft.
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concept is also supported by the fact that heat killing of the
biocontrol agent prior to seed treatment of Sure-Grow 747 with
the preparation, or amendment of infested soil with wheat bran
prior to planting with resistant Stoneville 213, will render both
cultivars susceptible to the disease.

Of the cotton cultivars tested for resistance to preemergence
damping-off in this study, 50% were susceptible to the pathogens
found in soil from the seedling disease plots. Metalaxyl seems to
be only partially effective in controlling this disease; therefore, it
would be prudent, when growing a susceptible cultivar, to treat the
seed with an effective Trichoderma strain or to use a combination
of Metalaxyl and a biocontrol agent.

The data derived from this study support the following hy-
potheses. Preemergence damping-off of cotton seedlings in soil
infested with Pythium spp. and R. oryzae is initiated by the induc-
tion of pathogen propagule germination and growth with com-
pounds emanating from germinating cotton seed. Effective bio-
control strains of Trichoderma spp. prevent initiation of the
preemergence damping-off syndrome by metabolizing pathogen
propagule germination stimulants that emanate from the germi-
nating cotton seed. Cotton cultivars vary widely in their suscep-
tibility to preemergence damping-off, and this is related to the
release by their seed of compounds that stimulate germination of
pathogen propagules. Although disease resistance is the culmina-
tion of many factors, it is, in part, associated with little or no re-
lease of pathogen propagule stimulants by germinating seed.

Although both the compounds in seed exudate and in wheat
bran extract stimulate pathogen propagule germination, there is no
other evidence to suggest that they are the same. They may be,
however, and research is currently underway to isolate and
identify these stimulants.
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